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write record. I'hc iDrortiKilioii Uom Ihc nuinagcinent inWn- 
niation lable for the sub tiisk contu)! tfcvicc 33 is used, as is 
the number of transfer records t»f lOCAITi conunand, the 
number N wliich is analy/.cd by the channel command 
analyzing scc!jon31 , and average record length, I.-. I lerc, the 5 
straight line (!) can be explained by an cijuation as shown 
below using known values of coniiiiand cliaining time Tsg 
between the main and sub external storage C(»ntrol devices, 
the above analysis, and the data transfer velocity V between 
the main and sub external storage auitrol devices 3 and 8. lo 

Ts'^NL/V-^-iN'iyTsg (J) 

ITie straight line (11) shows the transfer time Ts\ which is 
a constant value, for the case where data of one track is 
transferred together and where each record length is I., and 
number of records in a track is Na. Ts'can be represented by 
the following formula. 

Ts-=NalfV+Tsg (2) 

20 

In the case of the sloped line (I), as the number of records 
increases, the processing time increases. At some point, i.e. 
for some number of records, it is faster to send the entire 
track of data, because the command chaining time Tsg is too 
great. 25 

The section forjudging commands to be issued to the sub 
disk control device 32 judges whether to issue the command 
chain to the sub disk control device as received from the 
channel device or to transfer data of one track all together 
based upon the information contained in FIG. 6, in view of 30 
the number of records N. 

FIGS. 5 and 6 illustrate a case in which six records are to 
be written in a track that holds eight records of data. As seen 
from FIG. 4, transferring data of one track all together 
requires less processing time if the number of records is 35 
greater than 4. FIG. 6 also illustrates such a relationship 
according to the intersection of hues I and II. Command 
issuing section 35 issues the best suited command-chain to 
the sub disk control device 8, in view of all of the consid- 
erations mentioned above and according to the instruction of 40 
command judgment section 32. 

FIG. 3 illustrates command chaining between a CPU 
(channel device or host) and a sub disk controller via a main 
disk controller. As shown, a number of commands have lo be 
sent back and forth before a record (Rl) can be transmitted. 45 
The same sequence is followed for subsequent records. 

According to the present invention, WTite processing time 
to a sub disk storage device, i.e. back-up processing time, 
can be minimized by selecting a command-chain method to 
be issued lo the sub disk control device. This is accom- 50 
plished by comparing processing time for the case of i.ssuing 
the command chain to the sub disk control device as 
received from the channel device with that of the case of 
transferring data for a write record, or, data of plural tracks 
including a write record ail together. 55 

FIG. 7 illustrates the flow of steps according to the present 
invention. First, the amount of data that is to be sent is 
calculated (STEP 1(H)), i.e. the numlier of records. Then a 
time Tl is calculated (STHF 110). 11 is equal to Ts using 
equation (1) above, and is computed lor the case of sending w) 
individual records, rheii, a time V is calculated (S THP 120). 
T2 is equal to Ts'using ei|uation (2) above, and is coFiipuicd 
for the case of seuding the entire track (»f data. In decision 
block 130, it is determined ii T\>'\2. If so, then the entire 
track of data is sent (STEP 140). If not, then the imlividual o5 
records are sent .separately (STEP 150). lliis process is 
repeated as necessary. 
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Although the pteseiil inveiilion has been de.scribed above 
in connection with (lie prelcrred enibotlinients, one of ordi- 
nary skill in the art would be enahletl by I his di.sclosure to 
make various inodibcalions lo the preferred embodiments 
and still be within the scojie and .spirit of the present 
invention as embodied in the appended claims. 

What is claimed is: 

1. A first external storage control device which is con- 
nected to a first group of external storage devices and 
controls data transfer iKlwecn said first group of external 
storage devices and a ht>sl, wherein 

said first external storage control device is connected to a 
second external slorage control device which is con- 
nected to a scccmd group of external storage devices; 

said first external storage control device being equipped 
with a storing means that stores write data transferred 
by a write command IVom the host and means that 
transfers the write data stored in said storing means to 
the second external storage control device according to 
a write command; 

the first external storage control device also having means 
for storing the write data to both an external storage 
device belonging to .said first group of external storage 
devices and lo an external storage device belonging lo 
said second group of external storage devices; 

means for estimating the command-chaining time 
between said first and second external storage control 
devices; 

means for estimating a time for a write process, including 
said estimated command-chaining lime, to one of said 
second group of external storage devices; and 

command means for writing data in the write process in 
a single operation; 
wherein in a case where said first external storage 

control device has received plural write commands for 
said data from the host, said first external storage 
control device transfers said write data lo said second 
external storage control device by selecting a transfer 
method with the shortest processing time; said transfer 
method with the shortest processing lime is selected by 
considering the command-chaining lime between said 
first external storage control device and said second 
external-storage control device; and said means for 
estimating a time for a write process estimates the time 
before starting the write process to said second external 
storage control device according to said selected trans- 
fer method. 

2. A first external storage control device according to 
claim 1, wherein said means for estimating the command- 
chaining time estimates according to one of (a) measuring 
the command-chaining time between a specified command 
to the next command and (b) selling a length of interface 
cable between the first and second external storage control 
devices in advance. 

3. A first external storage control device according to 
claim 1, wherein said means for estimating the command- 
chaining time estimates the command-chaining time by 
measuring the time for two command chains. 

4. A first external storage control device which is con- 
nected to a first group of external .storage devices and lo a 
second external storage control device, and which amtrols 
data transfer between said external storage devices and a 
host, wherein, 

the .second external storage control device is connected lo 
a .second group of external storage devices, and tx»n- 
irols data iraasfcr between said second group of exter- 
nal storage devices and the host. 
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said first cxlcnial storage contr(»l tlcvici; being c()iiipi)ccl 
with a storing means ilial stt^jes write data transiencd 
through a write conuuaml tVoiu the host, a lirsl transfer 
means lo transfer write data to said second external 
storage control device fi>r each of plural write com- 
mands received frt)m the host, and a second transfer 
means which transfers write tiata from the host lo the 
second external storage coiUnO device for each of 
plural write commands received from the host hy using 
only one write u)mniand, and 

the first external storage control device also inchiding 
means for calculating processing lime for data transfer 
between said first external storage control device and 
said second external storage control device using said 
first transfer means and using said second transfer 
means, means to compare said two processing times 
and for storing the same data to an external storage 
device belonging to said first and second group of 
external storage devices; 

wherein when said first external storage control device 
has received plural write data cx)mmands from the 
host, the external storage control device transfers 
data from said first external storage control device to 
said second external storage control device, using a 
transfer means having the smaller processing time 
according to the result of said comparing means; and 

wherein said transfer means having the smaller pro- 
cessing time is selected by considering the 
command-chaining time between said first external 
storage control device and said second external stor- 
age control device. 

5. A first external storage control device according to 
claim 4, further comprising: 

means for estimating the command-chaining time 
between said first and second external storage control 
devices; and 

means for estimating a time for a write process, including 
said estimated command-chaining time, lo one of said 
second group of external storage devices, before start- 
ing the write process to said second external storage 
control device according to said selected transfer 
means. 

6. A first external storage control device according to 
claim 5, wherein said means for estimating the command- 
chaining time estimates according to one of (a) measuring 
the command -chaining time between a specified command 
to the next command and (b) setting a length of interface 
cable between the first and second external storage control 
devices in advance. 

7. A first external storage control device according lo 
claim 5, wherein said means for estimating the command- 
chaining time estimates the command -chaining time by 
measuring the lime for two cc^iimand chains. 

8. A first external storage control device which is con- 
nected to a first group of external storage devices and a host 
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processor, and which controls ^lata transfer between said first 
i;roup nl external .storage ilevices and .said ho.st proces.sor, 
wherein 

said first external storage conlrol device is connectetl to a 
second external storage control device that exists a 
large distance away from said first external storage 
ccmlrf)! device, and which is connected to a .second 
group of external storage devices; 
.said first external storage control device is equipped with 
a buirer memory that .stores write data transferred by a 
write cctmmand from said host processor and with a 
fimction that transfers said write data stored in said 
buffer memory to said second external storage conlrol 
device according to the write command; 
said first external storage control device has a function lo 
store said write data to one of said external storage 
devices in said first group and to one of said external 
storage devices in said second group; 
wherein if said first external storage control device has 
received plural write commands for said data from 
said host processor, said first external storage control 
device transfers said write data lo said second exter- 
nal storage control device by selecting a transfer 
method with the shortest processing time; and 
wherein said transfer method with the shortest process- 
ing time is selected by considering the command- 
chaining time between said first external storage 
control device and said second external storage con- 
trol device. 

9. A first external storage control device according to 
claim 8, further comprising; 

means for estimating the command-chaining time 
between said first and second external storage control 
devices; 

means for estimating a time for a write process, including 
said estimated command-chaining lime, to one of said 
second group of external storage devices, before start- 
ing the write process to said second external storage 
control device according to said selected transfer 
method; and 

command means for writing data in the write process in 
a single operation. 

10. A first external storage control device according to 
claim 9, wherein said means for estimating the command- 
chaining lime estimates according lo one of (a) measuring 
the command-chaining time between a specified command 
to the next command and (b) .setting a length of interface 
cable between the first and second external storage control 
devices in advance. 

11. A first external storage control device according to 
claim 9, wherein said means lor estimating the command- 
chaining time estimates the command-chaining time by 
measuring the time for two command chains. 
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12. A storage system comprising: 

a first plurality of disk drives; and 
a disk controller connected to a host processor and 
said first plurality of disk drives, said disk controller 
controlling data write from said host processor to said first 
plurality of disk drives, and data transfer from said first 
plurality of disk drives to said host processor; 

wherein said disk controller is arranged to be 
connected to another disk controller, and to obtain 
information on a support function of the another disk 
controller . 

13. A storage system according to claim 12, wherein said 
disk controller includes means for obtaining the information 
on the support function of the another disk controller from 
the another disk controller. 

14. A storage system according to claim 13, wherein said 
disk controller establishes a pair>of disk drives, said pair 
including one of said first plurality of disk drives and one 
of a second plurality of disk drives which are controlled by 
the another disk controller; and 

wherein said obtaining means obtains the information 
on the support function of the another disk controller from 
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the another disk controller when said pair of disk drives is 
established . 

15. A storage system according to claim 12, wherein said 
disk controller includes a management table for storing the 
information on the support function of the another disk 
controller. 

16. A storage system according to claim 15, wherein said 
disk controller further includes means for obtaining the 
information on the support function of the another disk 
controller from the another disk controller. 

17. A storage system according to claim 16, wherein said 
disk controller establishes a pair of disk drives, said pair 
including one of said first plurality of disk drives and one 
of a second plurality of disk drives which are controlled by 
the another disk controller; and 

wherein said obtaining means obtains the information 
on the support function of the another disk controller from 
the another disk controller when said pair of disk drives is 
established. 



18- A storage system according to claim 16, wherein said 



disk controller stores the information on the support function 
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of the another disk controller, which information is obtained 
from the another disk controller by said obtaining means, in 
said management table. 

19. A storage system according to claim 12, wherein said 
disk controller controls issuance, to the another disk 
controller, of information that is different according to the 
support function of the another disk controller. 

20. A storage system according to claim 19, wherein said 
disk controller performs a control according to a first 
support function of the another disk controller if the another 
disk controller has the first support function. 

21. A storage system according to claim 19, wherein said 
disk controller controls issuance, to the another disk 
controller, of information that does not correspond to a 
second support function, if the another disk controller does 
not have the second support function. 

22. A storage system according to claim 19, wherein said 
disk controller includes a function determining section for 
judging the support function of the another disk controller. 
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23, A storage system according to claim 22, wherein said 
disk controller includes a management table for storing the 
information on the support function of the another disk 
controller. 

24- A storage system according to claim 23, wherein said 
disk coritroller further includes means for obtaining the 
information on the support function of the another disk 

controller from the another disk controller. 

25. A storage system according to claim 24, wherein said 
disk controller establishes a pair of disk drives, said pair 
including one of said first plurality of disk drives and one 
of a second plurality of disk drives which are controlled by 
the another disk controller; and 

wherein said obtaining means obtains the information 
on the support function of the another disk controller from 
the another disk controller when said pair of disk drives is 
established. 

26. A storage system according to claim 24, wherein said 
disk controller stores the information on the support function 
of the another disk controller, which information is obtained 
from the another disk controller by said obtaining means, in 
said management table. 
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27, A storage system according to claim 26, wherein said 
function determining section judges the support function of 
the another disk controller in accordance with the information 
on the support function of the another disk controller in said 
management table. 

28. A storage system according to claim 19, wherein said 
disk controller does not issue a specified command to the 
another disk controller, if said disk controller judges from 
the information on the support function of the another disk 
controller that the another disk controller does not accept 
the specified command. 



29. A storage system comprising; 

a first plurality of disk drives; and 
a disk controller connected to a host processor and 
said first plurality of disk drives, said disk controller 
controlling data transfer from said first plurality of disk 
drives to said host processor; 

wherein said disk controller is connected to another 



command. 


received from the host processor, to 


the 


another 


storage 


system, in the case where object data 


for 


the read 


command 


exists in the another storage system. 
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30. A storage system according to claim 29, wherein said 
disk controller controls data write from said host processor 
to said first plurality of disk drives; and 

wherein said disk controller includes means for 
confirming that object data for the read command or a write 
command received from the host processor exists in the another 
storage system, and means for transferring the read command or 
the write command from the disk controller to the another 
storage system, 

31. A storage system comprising: 

a first plurality of disk drives; and 
a disk controller connected to said first plurality 
of disk drives / said disk controller controlling data write 
from said host processor to said first plurality of disk 
drives, and data transfer from said first plurality of disk 
drives to said host processor; 

wherein said disk controller is connected to another 
disk controller which supports another function against said 
disk controller. 
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